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1. Introduction

Given a larige set of measurements of some quantity or variable, it
is often useful to model the data using some statistical distribution
function. For example if one has records of the "visibility" at Milden-
hall, England for 10 a.m. February over a number of years, one may fit
a Weibull distribution to the data. The Weibull distribution has two
Parameters, and the values selected for the two parameters are the ones
for which the model best fits the data.

This report documents a FORTRAN program that has been written to
estimate the parameters of a statistical distribution function which
best fits a set of measurements on some variable. The fit is "best"
in the sense that the model cumulative distribution function and the
empirical cumulative distribution function (from the data) are closest
to each other in the least squares sense.

Suppose the measurements are ordered from smallest to largest,
that is x(1) - x(2) (3) ... x (N) where x M represents the ith

smallest measurement. Then the empirical cumulative distribution function
may be defined as

F W 2i- forx <x x
N 2N (i) - x (i+l)

0 for x < X(l) (1.)

If F(x;G) is the model climulative distribution function, then the values
for 0 (0 may be a vector of values) which are chosen are those which
minimize the expression

N 2
(21-l)/(2N)-F(xi;()1 (1.2)

In the FORTRAN program, the determination of 9, is accomplished by non-
linear regression techniques where F N(x) - (2i-l)/(2N)for i = 1,2,...,N,

is the dependent variable. Expression (1.2), the quantity to be minimized,
is the "Residual Sum of Squares". A detailed description of the
techniques used to fit distributions to data using non-linear regression
techniques is given in Heuser, Somerville and Bean (1980Q)

2

MAL



2. Flow Chart

In non-linear regression, the model may be written

y - F(x;Q) + e (2.1)

where 9 represents a vector of unknown parameters.
The usual technique is to linearize F(x;@) by the use of a first order
Taylor Series expansion about guessed values go . The expression (2.1)
is then linear in (0-00), and the usual least squares regression
methods may be used to estimate 0-00, the "correction" to the original
guessed value. The procedure is then repeated with a first order
Taylor Series expansion about the "corrected" guessed value for 9,
the process terminating when the percentage reduction in residual sum
of squares is less than some specified amounts. The flow chart below
outlines the program.

CALCULATE INITIAL VALUES
FOR PARAMETERS

(SUBROUTINE GUESS)
"LTAIN UUCU'T1U VECTUK

FOR PARAMETER ESTIMATES
(SUBROUTINE CORVEC)

"OPTIMIZE" CORRECTION VECTOR
USING METHOD OF H.O. HARTLEY

(SUBROUT INE MODLIN)

CALCULATE NEW R S
UIGNEW PARAMETER ESTIMATES

TEST FOR CONVERGENCE

No I(OLD RSS-NEW RSS)I/OLD RSS 10

PRINT OUT RESULTS

(SUBROUTINE SUCCESS)
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3. FORTRAN Code

C*

C TITLE: WEIBULL NONLINEAR REGRESSION PROGRAM
C THE FOLLOWING PROGRAM REGRESSES VISIBILITY DATA ON THE
C WEIBULL DISTRIBUTION. *
C
C INPUT: N. XtI:N)- ACC, AND Y(1:N) (SEE VARIABLE DICTIONARY)
C N, X(1N), AND ACC ARE INPUT ONCE IN THE BEGINNING OF THE *
C PROGRAM. Y(1:N) IS INPUT ONCE FOR EACH REGRESSION. *
C

C OUTPUT: SUMMARY STATISTICS OF EACH REGRESSION INCLUDING ALPHA, BETA,*
C MONTH, HOUR, SID, RMS, COUNT, X(I:N), Y(1:N), PREDICTED *
C! VALUES OF THE DISTRIBUTION, AND THE RESIDUALS. *

C SUBROUTINES: GUESS, SSE, WEIBULL, PSSEA, F'SSEB, SUCCESS, FAIL, *
r SECANT, CORVEC, MODLIN *
r

C FOP A GENERAL OVERVIEW OF THE REGRESSION PROBLEM, SEE 'LEAST
S Q FUARES FITTING OF DISTRIBUTIONS USING NON-LINEAR REGRESSION' Y *

C MAR. HEUSER, PAUL SOMERVILLE, AND STEVE BEAN. *
C *

C

C
C VARIABLE DICTIONARY *
C *
C N: THE NUMBER OF OBSERVATIONS (MAXIMUM OF 15) *
C X(I:N): THE VALUES OF THE INDEPENDENT VARIABLE (DISTANCE)
C Y(I:N): THE OBSERVED VISIBILITY PROBABILITIES AT EACH X
C ALPHABETA' THE PARAMETERS IN THE W EIBULL. MODEL

C STARTASTARTB: THE STARTING VALUES FOR ALPHA AND BETA COMPUTED BY *
C OTHE SUBROUTINE 'GUESS'

SCORACORB THE CORRECTION VECTORS FOR ALPHA AND BETA COMPUTED BY *
C THE SUBROUTINE 'CORVEC' *
C NRSSORSS: THE RSS FOR TWO CONSECUTIVE ESTIMATES OF ALPHA AND

BETA. NRSS IS FROM THE NEWER ESTIMATE; ORSS IS FROM
C THE OLDER ESTIMATE. *
C MONTH-HOURSID: MONTH, HOUR, AND STATION IDENTIFIERS
E COUNT: A LOOP COUNTER *
C CONVERGE: A LOGICAL VARIABLE THAT INDICATES CONVERGENCE.
C ACC: AN INTEGER VALUE CONTROLLING THE ACCURACY OF THE STARTING *

AUES FOR ALPHA AND BETA. SEE SUBROUTINE 'GUESS'. *

4



REAL ALFPHABETAX(15DY(15)PSTARTA?STARTNRSSO.SSCnRACORB
REAL SSEPWEIBULPRMS
!NTEGER S1E'MONTHFHOURtNrCOUNTACC
LOGICAL CONVERGE
COMMON NYXPY

C
W,,RITE(6?200) IPRINT A TITLE

c
r-EAEIN INPTHENUMBER OF OBSERVATIONS

READy(X(I)I=1pN) INPUT VALUES OF THE INDEPENDENT VARIABLE
F:EAE',ACC INPUT LEVEL OF ACCURACY OF STARTING YALUE'z

THE FOLLOWING LOOP INPUTS AND REGRESSES ON THE' EMPIRICAL
IDISTRIBUTION. THE LOOP (AND THE PROGRAM) TERMINATES ON
END OF FILEi

c
10 REAE'(57100TEN11=40) (Y(I~ ,I=1vN)vSIDpMONTHvHOUR'

CALL GUESS(STARTAPSTARTBYACC) !GET STARTING VALUES FOR ALPHA
ALPHA=STARTA 1AND BETA
F ETA START B
N R35 5 E (AL PH AB ETA)

THE FOLLOWING LOOP SOLVES FOR ALPHA AND BETA. CONVERGENCE IS
ASSUMED WHEN THE PROPORTIONAL CHANGE IN TH4E RSS FOR TWO &
SECUTIVE ESTIMATES IS LESS THAN 1E-7.

COUNT=0 INITIALIZE THE LOOP CONTROL
CONVERGE=.FALSE. IVARIABLEE;

C
IF ((COUNT.GT.50).OR.(CONVERGE)) GOTO 30

OR SS N RS S
CALL CORVEC(ALF'HAPSETAPCO:ACORB)
CALL MOELIN(ALPHABETArCORAYCORB)
NRSS=SSE (ALPHA ,BETA)
CONVERGE-ABS(ORSS-NRSS) .LT. (ORSS*I.,0E-7)
CO UNT =CO UNT +l

n-OTO 20
r
30 IF (CONVERGE) THEN

CALL SUCCESS(SrffMONTHr~HGURALPHABETANPSSFCO'UNT)
ELSE

CALL FAIL(SlrItMONTHiHOURSTARTASTARTBALF'HAiBETANRS')3
END IF

C
,20T0 10

C
40 STOP
c

.2 FORMAT(X10-1,.iI,~t1
~0FOFPMAT(///.35XP'NONLINEAR REGRESSION OF THE WEIBULL MO~'FL ON '

dr, 'VISIBILITY DATA'P,!'/)



C

c .
C WEIBUL IS A REAL FUNCTION THAT COMPUTES THE VALUE OF THE WEIBULL
C DISTRIBUTION FOR THE INPUT PARAMETERS X, ALPHA, AND BETA. ALL
C COMMUNICATION WITH THE PROCEDURE IS THROUGH THE PARAMETER LIST
C AND FUNCTION NAME.

C

REAL FUNCTION WEIBUL(X'ALPHAYBETA)

REAL XPALPHABETA
WEIBUL=1.O-EXP(-ALPHA*(X**BETA))
RETURN

END

C*

C: SSE IS A REAL FUNCTION THAT COMPUTES THE SUM OF THE SQUARED ERRORS
C !N THE WEIBULL MODEL AS A FUNCTION OF ALPHA AND BETA. COMMUNICA- *
C TION WITH THE PROCEDURE IS DONE THROUGH THE FARAMETER LIST, THE *
C FUNCTION NAME. AND THE COMMON BLOCK.
C

C
REAL FUNCTION SSE(ALPHAYBETA)

INTEGER I,N
PEAL ALPHABETAX(15),Y(15),WEIBUL
COMMON NX,Y
SSE=O°O
DO i0 I::.I ,N

£SE':SSE+ Y (I)-WEIBUL. ( X (I) ALF'HA ,BETA) ) **2
I.0) CONTINUE

F:E TURN
END

C*

C CORVEC IS A SUBROUTINE THAT COMPUTES THE CORRECTION VECTORS CORA
C ANhD CORB. COMMUNICATION WITH THE PROCEDURE IS DONE THROUGH THE

PARAMETER LIST ANTI THE COMMON BLOCK, THE INPUT PARAMETERS ARE
C ,)LPHA AND BETA; OUTPUT PARAMETERS ARE CORA AND CORB .

C*

SUBROUTINE CORVEC(AL.PHA,BETACORACORB)

INTEGER I,N
REAL. ALPHABETACORACORB
REAL DERADERB,TEMF'PRSWEIBUL, CIC12,C22,D1 , D2
PTEAL X(15),Y(15)

COMMON N,X,Y

6



C11l=OIO C11,C12,C22,rD, AND 112 REPRESENT A SYMMETRIC
C12=0.'0 SYSTEM OF 2 EOUATIONS IN 2 UNKNOWNS. THE 2
C22=0.0 UNKNOWNS ARE CORA AND CORB. HERE CI .C1.2.r:22.
11=0 . DI, AND D2 ARE INITIALIZED TO 0. IN THI DO
D12=0.0 LOOP THAT FOLLOWS, THEIR VAL.UE. ARE COMF1P.TED,

DO 10 I=I,N
RS=Y(I)-WEIBUL(X(I),ALPHABETA) RS=:OBS-EXF'
TEMPF=X(I)**BETA
DERA=TEMP*EXP(-ALF'HA*TEMF') DERIVATIVE WITH F'E :PF, T

TO ALPHA
DERB=EERA*ALOG(X(T))*ALPHA DERTVATIVE WITH kE3F'ECT

TO BETA
Cl1=C11+(DEFA**2) COMPUTE Cll
C12=C12+ (DERA*,DERB) COMPUTE C12
C 22= C 2 2 + ( IERB* *2 )COMPUTE C2.1
D -Dl14' (DERA*.RS) COMPUTE It1
D2-D2- DEP.BP*RS) COMPUTE .2

CONTINUE

TEMP=(CIC22)-(C2**2) NOW THE SYSTEM IS SOLVED

USING CRAMER'S RULE
TEMP IS THE DEIERMINA,,T

CORA( -1*C22;-(D2*C12) )/TEMP
CORB=((C11*D2)-(D1 *C12))/TEMP
RE TURN
E M 11

C MODLIN IS A SUBROUTINE THAT IMPLEMENTS THE MODIFICATION OF THE
C LINEARIZ4'TION METHOD PROPOSED BY H.O. HARTLEY IN HIS PAPE" 'THE v
C MODIFIED GAUSS-NEWTON METHOD FOR THE FITTING OF NON-LINEAR REGRES-

IOFJ cU.CTIONS EBY LEAST SQUARES,' ALL COMMUNICATION WITH 14E F'C-o-,
UO'JRE IS DONE THROUGH THE FARAMETER LIST: ALPHABETACORAcORp.

. C MODL IN OPTIMIZES THE CORRECTION VECTORS COMPUTED BY COFVEC ANI. FHf-
C AT9,DS THEM TO ALPHA 'ND PETA. WHEN THE PROCEDURE RETURNS, ALPHA AND

BETA ARE THE NEW PARAMETER ESTIMATES. THE VALUES OF CORA AND CORP
* MAY HAVE BEEN CHANGED IN THE PROCEDURE.

SUBROUTINE MODLIN(ALPHA, BETACORACORB)
REAL ALPHApETA,CORArCORD
REAL OO01,92,V,SSE,DENOM

REAL TEMF

C
LET THETA=(ALPHABETA) BE THE CURRENT PARAMETER VALUES AND
DELTA=(CORACORB) BE THE CORRECTION VECTOR. MODLIN ESTIMATEC'
THE VALUE OF V::=O THAT MINIMIZES SSE(THElA+V)*DELTA';, SSE IS
COMPUTED AT THETA (00), THETA+.5*DELTA (91) AND THET(.-I.ELTA
(02). V IS FOUND SO THAT THETA+V*I:ELTA ITC THE VERTEX OF THE
PARABOLA r-ASSING THROUGH 90r o1r AND 02.
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00=SSE ( ALF'HA, BETA)
01=SSE (ALPHA+. 5*CORA, BETA+ ° 5*CORB)
02=SSE (ALPHA+CORA, BETA+CORB)

C

t0 DENOM=4.0*(Q2+O0-(2.O*Q1))
C

* IF DENOM IS CLOSE TO ZERO THEN WE CAN'T COMPUTE V WITHOUT
* PRODUCING A DIVIDE-BY-ZERO OR FLOATING-POINT-OVERFLOW
ERROR. IN THIS CASE, ADD THE CORRECTION VECTOR ASSOCIATED

* WITH THE MINIMUM OF 01 AND 02 TO ALFHA AND BETA.

TF (ABS(DENOM).LT.1E-15) THEN

IF (O1.LT.02) THEN
ALPHA=ALPHA+. 5*CORA
BETA=BETA + 5*CORB

EL S E
ALPHA = ALPHA + C ORA
B'ETA B ETA + C OR E

END IF
RETURN

END IF

.5+( (00-02 ) /IENOM)
TEMF=SSE(AL. HA+V*CORABETA+V*CORB)

IF VKO OR TEMP::00 THEN THE COMPUTATION OF V IS REDONE WITH
ELITA 5 , 5E L LTA,

IF ,'. LT O.,0).OR,(TEMP.,GT ,00)) THEN
*CRRA =

(OR:= . 5*CORB
0(.2=0 1
rl=SSE(ALF:'HA+,5*CORABETA+.5*CORB)
.OTO 10

END IF

ALPHA=ALF'HA+V*C0RA
BETA=BETA+V*CORD
PETURN
ENDI

i: UESS IS A SUBROUTINE THAT FINDS STARTING VALUES FOR ALPHA AND
C BETA. COMMUNICATION WITH THE PROCEDURE IS THROUGH THE PARAMETER
C LIST AND THE COMMON BLOCK, ALPHA AND BETA ARE BOTH OUTPUT PARA-
C METERS; ACC IS AN INPUT PARAMETER. *

8



'10BROUTINE GUESS(ALPHAPBETAACC)
EXTERNAL PSSEAPSSEB

INTEGER IJ,N,E(3),ACC
REAL ALPHABETAC(3),ri(3),TIT2,pF'SSEAF'SSEF
REAL X ' 1 ", Y(15)
LOGICAL CONVERGE
COMMON NXY

GIVEN TWO DATA POINTS IN THE EMF'IF'IlrAI. DISTRIBUTION, WE Cri
SOLVE FOR ALPHA AND BETA SO THAT THE WE[BULL MODEL. F!T3
THROUGH THOSE TWO POINTS EXACTLY, GUESS CHOOSES THREF_ PeiA
POINTS AND FITS THE WEIBULL THPOUGH rHE Fi-JT TWIo, THF 1. A
TWO, AND THE FIRST AND LAST POINTS, THUS ARRJIVING Al !"HFr:[

I DIFFERENT ESTIMATES FOR ALPHA AND FETA, TWl- Al'., AGI? 7( rf"I
lHREE ESTIMATES ARE USED AS STARTING VALUES tFR .PL.' ,
BETA

,tLF'HA=.00

BETA=0*0
IF (Y(N EF9,0.0) RETURN

El= .-2'I THE VALUES OF E(i), E(2), ANI £(3. E'ERMTNL

E(2)=8 WHICH THREE DATA POINTS ARE CHOSEN. HFRE 1HI
F3)=13 : 2ND, 8lH, AND 13TH POINTS ARE USE',

DO 20 I=1,7
Dt I)=X(E I))
IF (Y-E-I: ).EQ.0.0) THEN

C(I):..00001
ELSE

N V I F : E
END IF

TV' CONTINUE

DO .7r0 I.Iv3
~J-MOD( I,3)+.[

TI =ALOG ( ALOG (!.--C (I) /ALOG ( O-C ( J) ) 0 -ALOG ( (1)/ '
D ETA =BETA +T.

30 CONT I NL,

riLF'HA=ALPHA/3 . 0
BETA-PETA/3.0

C
MOST OF THE TIME THESE STARTING VALUES WILL ?E GOOD ENOUGH ".1
BEGIN THE NONLINEAR REGRESSION PROCEDURE. SOME CASES,.
HOWEVER, WILL REQUIRE EVEN MORE ACCURATE STARTING VALUES.
THE FOLLOWING CODE OPTIONALLY IMPROVES THE STARTING VAI UE'S

DEPENDING ON THE VALUE OF ACC. ACC IS MERELY THE
NUMBER ?F TIMES THE LOOP BELOW IS EXECUTED. THE -OOP TFTc:-
TO OPTIMIZE ALPHA FOR A FIXED BETA9 AND THEN oFIA

FOF A FIXED ALPHA,



IF (ACC.LE.0) RETURN

DO 40 I1-1ACC
Ti =ALPHA
T 2 ElETA
CALL SECANT(ALPHAPBETAPALPHAPSSEACONVERGE)
IF (CONVERGE) CALL SECANT(ALPHADETADETAPSSEBCONVERGE)
IF (.NOT*(CONVERGE)) GOTO 50

40 CONTINUE
RETURN
ALPHA=Tl
P~ETA =T 2
RETURN
ENDr

C FAIL IT, AN OUTPUT ROUTINE CALLED' WHEN A DISTRIBUTION FAILS TO CON- ~
C VERG3E AFTER 50 ITERATIONS. THE VALUES OF SEVERAL VAR:IABLES AR:E
C IARTTTF-N TO THE OUTPUT FILE. COMMUNICATION WITH THE PROCEDIURE II *

DONE THR:OUGH THE PARAMETER LIST AND THE COMMON B~LOCK.. ALL F'ARi';-
METERt?. ARE !NPUT PARAME:TERS.

7 UPROIJTINE FAIL-(SI,?MONTHHOURSTARTASTART~plALF'HAEETAP,NR:E)S
INTE17GER SIr'-MONTHPHOJRYN.
FFAL TR ,TA.TAPiTRTM,(5,i5,'E

C-2MMON N,>'?Y

Th.MFS-E ( S.TAPTA-STARTEl)

,IT F A2 0) SIT ,MONTHHOUR
WF- 17 E 6,*300
UlF:I T E(L 6 -4 00) T;A1 A vSTARTB v 1 MP
WV: I TE .6, 1500) ALPHAPBEETA ,NRSO5

W F:IT E (6 , 7001
DO 10 1 1, N

14: T lE 8C0 yO X I ) Y (I)

F: CT Uj R:N

"'V FrWM-T,' 'IX. YTTCNTI.ON: STATION. 'F12,'. MONTH '9I2y'r HOUR '

it?' F.'iILEr' TO'P/,1X.'CONVFRCE AFT'ER 50 ITERATTONS.''
3CC'~ ~~i rOMT' ,X r; YAR IABLE DUMP FOLLOWS:','

~0' 1) tRMAT ( IX ,'ST;RTA-: 'G15 7,9 STARTI4='?015.7.
$ SSE(STARTASTARTB)='vG.5.)

700 FORMAT(lXP'ALPHA=',G15.7p' EETA='FG15.7f
$ SSE(ALPHAEeETA)='YG15.7)

* Lr C0 FORMAT(/,SX, 'ENIIPTS 914X, 'OBiCUMFR')
'0 FORMAT( '+ ' 4X,'------- X s

1100 FOPMAT( 1XP01S, 7p5X915,7)
F M;
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FUCCESS IS AN OUTPUI RDUTINE CALLED WHEN A DISTF'!B!JTlQN COw.'EFPGF- *
CSUCCESSFUILL.Y WITHIN 50 ITERATIONS, SUMMARY ST(ATisrics OF 1H *j
£RECRESSION ARE WRITTEN TO THE OUTPUT FILE. COMMUNIlCATION WITH*

f- THE PROCEDURE TS THROUGH THE PAFRAMETER LIST AND' COMMON PL 0 f. f
A1.1 L AR'AMETEFS AR:E INPUT PARAMETERS.

3UBROUTINE SUCCESS(SIE, MONTHHOURPALPHABETAPNRSSC"-'OUNT)
INTEGER SIr',M0NTHpHOUR I ,NvCOUNT
REAL )L.F'HA EfFETA ,NRSS ,RMS ,X ( 5) ,Y (15), EX * S WET1iUL.
fOMMOIN NXY

RMS=SQRT(NRSS/lFLOAT(N))
WRITE '6, 100)
WRF:IT E ( 6 200)
WRPIT E(6, 300)
WRITE( 6,400) SIDY MONTHF HOUR YALHA 7BETA!RMS3PCOUNT
';I T E ( '500,

WRITE 6 ,600)
DiO 10 I=:1lfN

EX=WEIBUL(X(IyAi..FHA.BiPETA)

WRI TE ( Al .700) ' X 1I Y I1 E X 7 RS

E: T U1R N

20FOF'MAT(l0X,'STA'TION ID'r5X,'MON4TH',5X,'HOLiF'-1OXrAPF:H'-1tI.
't'BETA 17 X y'RMS ',y11 Xt OF I TERAT1JIJ1N S')

*300C FORMAT-' '+,9 X r----------- r Xp'------,X'.. v r10 X....

4030 FOR'MATl(12X,16,2(8X,12-) ,6XG14.7,4XG14.?,4XG.4.7p 17y, 3, ./'
1M FORMAT(T38'ENIT',5X,'OBCUMFR',i0X,'EXCUMFF',?12Y,'RF-* Tt.LA -
c,. FORMAT('4'<FT3P,' .--- ',5X'..... _ __''',' ....... ,1v

F OFMAT(T7-F7. ,6XF5.3,7XG15.7,p5X,15.7,
L N El

SIS A SUPROI)TINE THAT USES THE SECANT METHODI OF ROT ESOl-Yr 11,7
-T,* FIND THE ROOT OF PSSEA HOLDING BETA CONSTANT! OF, TO FIND THE

:,n(T OF PSSEB HOLDING ALPHA CONSTANT, (THIS MEANS IT WILL FIND THE

F:!T ALPHA FOR A 0IVEN BETA? OIP: THE BEST BETA FOR A GIVEN ALPHA.)
COMMUNICATION WITH THE PROCEDLURE OCCURS THROUGH THE PARAMETER LIST*
7 ~~r THe MMON BLOCK . IN THE PARAMETER LIST? ALPHA AND BETA ARE
THE CURRFENT tUAL.UES OF THE MODEL PARAMETERS, FAR.M IS THE VAF:IAEi £
K nPT-O~IMIlEr '(EITHER ALPHA OR PETA), ANrl PfEIER is THE r:.'ARTIiI 1

:'F..AI''EFUNCTION (EITHER PSSEA OR F'SSEB), CONVERGE IS A LOUICAL*
:'~,~_.E pINDICATING WHETHER THE SECANT METHOD CONVERGED ON A ROOT.*
'2 : OLYF -OR THE ROOT OF PSSE.Av SET PARM=ALPHA ANDI PrIER:PSSEA, IHE*

-PMIZED VALUE OF ALPHA WILl- BE RETURNED. TO SOLVE FOR THEF 'OOT LF
SET PMfT ND PIERF:-PSSEB , THE OFTIMIZEri VALUE OF 3T 4

* rL.. t FE!T:-JPNED .



'3J1PROUTINE SECANT (ALP-HABETAF'ARMPLEE,CONVERGE)
REAL A)LPH ArBETAvPARMPF'ERFX( 15) ,Y(15) ,T1 T2,T3,EI[ELTA
INTEGER NyI
LOGICAL CONVERGE
COMMON NXvY

I 2=PD'ER (ALPHASE TA)
D'EL TA=.001.
F'ARM= F'ARM +1'ELT A
CON VE F:GE T RU E.

110 10 I=l1,15
rti.nFE;EF:ALPHA BETA)

T13. rI -1T2
IF (AiS(Tf .L E . IE15) C0TO 15
D E L TA TID ELrA T 3
FPARM -- PA F M + E EL T A
rF ABSU'lELTA).LE,1E-7) GOTO 20
12:T 1

1 r ONVERGE F FALSE

PE T~ U R

S SEA (i' A REAL FUNCTION THAT COMPUTES THE P'ARTIAL DERIVATIVE fl E
VI TH T 4PESPECT TO ALPHA. COMMUNICATION WT H ''CEU: CIR
CTH~r UHTHE FUNCTION NAME, COMMON BLOCKP AND' PARAMETER LIST, FH*

'I C ANE PE', ARE I.'4'UT PAFRAMETERS; THE VALUE: OF THE DERIVATIVE ] 1
RE T; 'R.ED THPOUCJON I'E FUNCTION NAME.

~. F.AL- FUNCTION F'SSEA(ALPHABETA)
F LF'LHA SFE'TA X (15) Y (15) ,T '1

I ,NtEGER N*-1
COMMON Nryr,{

F' S SE A - 00

T 1 1 [ PA E PTA
EXF' (P -Al PH A*T 1)

I~ I CNI.1 F
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" PSSEP IS A REAL FUNCTION THAT COMPUTFS THE PARTIAL 'EFTVATY'.' ?F
" SSE WITH RESFECT TO BETA. COMMUNICATION WITH TFiW FOCE-'URE q0(Ur'S

" THROUGH THE FUNCTION NAME, COMMON BLOCK, AND FA.AMETER LI "T - *

C AND FETA ARE INFLT FARAMETERSr THE VALUE OF THE DERIVATIVE I'
R ETF4.TEF THROUGH THE FUNCTION NAME.

REAL FUNCTION PSSEB(ALF'HAqEBETA)
PEAL ALPHAE ErAX(15' ,Y(15) ?TIT2,T3,T14
tNTEGER NI
COMMON N,XrY

F 3S EB-O. 0

T* "I X 1 1 , F -1 A

2 EXF' -AL 'HA*T 1)
S L -- PLFHA AL.OG ( X I )T I T2

F' S SE B F' S FP +T 7* T 4
CONTINUE

RET U RN
F N El

A
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4. Some Remarks About the Program

The program given in this report was written to fit the Weibull
distribution to visibility data. The visibility data was that
contained in the "Revised Uniform Summary of Weather Observations"
(RUSSWO's) prepared by the Data Processing Division of the Air Weather
Service. Some changes must be made to fit another distribution to
another variable. The program is made up of a series of subroutines
and functions so that these may be altered to fit the users need without
changing the flow of the program.

The function WEIBUL must be replaced by the desired cumulative
distribution function (CDF). Also, the name of the function, WEIBUL,
must be changed throughout the program if the name of the function is
changed. The subroutine GUESS which gives the initial values of the
parameters must be changed to correspond to the distribution being
used. The same basic idea can be used. However, it may take more
programming for other distributions particularly if the distribution
is not in closed form. The subroutine CORVEC must be changed where
the partial derivatives DERA and DERB occur. Another change is required
In the functions PSSEA and PSSEB which are functions which take partials
with respect to each of the parameters of the sum of squared errors.
The appropriate partials must replace those of the Weibull distribution
in each of these functions.

The program was designed to run in a batch environment, and the rules
of standard FORTRAN - IV were adhered to as closely as possible. The only
departures from FORTRAN - IV are the use of the IF-THEN-ELSE-ENDIF
structure commonly found in FORTRAN 77, and the use of the exclamation mark
to permit comments on the same line as code. Both deviations were made
merely for clarity's sake in the program.

5. Sample Output

A sample output is shown in page 14.

6. Reference

Heuser, M. L., P. N. Somerville, and S. J. Bean "Least Squares
Fitting of Distributions Using Non-linear Regression".
AFGL-TR-80-0362.
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